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A method and apparatus for multiuser transmission 



(57) The present invention is related to a method of 
transmitting data signals (50) from at least two transmit- 
ting terminals (20) with each at least one transmitting 
means (60) to at least one receiving terminal (40) with 
a spatial diversity receiving means (80) comprising the 
steps: 

- transmitting from said transmitting terminals (20) 
transformed data signals (70), being transformed 
versions of said data signals; receiving on said spa- 



tial diversity means (80) received data signals being 
at least function of at least two of said transformed 
data signals (70); 

subband processing (90) of at least Iwo of said re- 
ceived data signals in said receiving terminal (40); 
and 

determining estimates of said data signals (1 20) 
from subband processed received data signals 
(140) in said receiving terminal. 



< 

o 

CM 

o 




Q_ 
LU 



Printed by Jouve. 75001 PARIS (FR) 



40 



45 



SO 



55 



EP 1 047 209 A1 

Description 
Field of the invention 
* [0001] Thepresentinventionrelates^^^ 
State of the art 

10 5 band limitlri n*H° ™ ,tiCa . rri , e r methods as a modulation technique is known in the art [Chang, R.W "Synthesis 
?l* a ?toT ! orth °9° nal s, 9 nals for multichannel data transmission," Bell syst. Tech. J vol 45 on 1775 17QB n~ 
T 6 ^? 1213 ^ 9 ' B R - " Performancs * a " e^ient parallel data transmission system", IEEE iLs Comm Techno?' 
vol. COM- 5, De. 1967]. Possibie benefits following from multicarrier modulation taJS in^^^^SS' 
cles [Meuller, T. Brueninghaus, K. and Rohling H. "Performance of Coherent OFDM-CDMA lw B^n^SoSa" 

« Co ™ cat,ons ■ Wirel9SS PerSOnal Communications 2, Kluwer Academic Publishers 1 996 pp 29oSS IKatl? 
L^S ^ M ; CD , MA h N ; erSUS DS " CDMA P^ormance Evaluation for Fading Channels", .CC -95 ^17^ 7^]' Ker 
ous ^eoretical pubUcatone have been written on said attractive modulation technique [Kalet, "?ne muLone Channel" 

aim! p a hT ZT*- V ° L 37 ' 2 ' Feb 1989] ' [FaZSl ' G - FettWeis - ■MuB^-lr Spread-SpecZm" K^uwer £ca' 
dem.c Publ., 1997]. Specially in multipath fading propagation situations, such as for example en^uZedir^an 

conta,n,ng a cyclic prefix, ,t enables a very efficient way of combatting ISI, being intersymbol interne MoTo7e 
adaptive loading techniques make it possible to considerably increase the throughput peTormances 7 vLn d^ PeTre' 
w,^?' P ni V ™ ae ™™*°- B - SV^Iinckx, M. Engels. "Adaptive loading strategy o a ^ spied OFDM-Tased 
WLAN". in Globecom "98. Sydney, Australia, November 1 998]. However, for a givencarrier rnSu^thTSiSS 

SI f mS ° f b 'T eC/herU iS fiXed GiVen the mass ^ Qrawth " communSo ^d me iS'ance 

of broadband services the spectrum becomes increasingly scarce. One method to increase the caTacSJ orS bTnd 

n ^ C , len u y ° f 3 W ' re,eSS SyStem ' is to a PP"y cellularization in order to reuse spectrum in difSen I ll^rSnt 
cans. WhHe th. technique has been applied successfully in mobile telephone net^^iT^^SSSSS 
ol v, ew -,nappropr,ate for small- or medium-scale indoor networks as WLANs or home LANs Firet of all htan o^eraJna 
AX n r S A' e . m j" ime,rB a wave band > ^ required ,o achieve a reasonable m^S^S^D^S 

Wafe " fn TsSsT'sToo Jo ^^"f l'^ Br ° adband N0hWri » for lnd00r ^«^« mSES 

waves in ISSSE 98. pp. 29-33, Pisa, Italy, September 1998] , [T. Ithara, T. Manabe M Fuiita T Matsui »nri v 

Sug.moto. Research Activfties on Millimeter-Wave Indoor Wirelei Communications" in lc5?J' TokJo Id J' 

™Xt r ,M L f eC ° nd,y ' cel,u,arisa,ion introduce * «• extra iayer of hierarchy and competes the pS£>l i sS 

Ss none o Z^Z^T*** T T^™ ^ ** method that a,lows S-ct~m »SS Sh 

Srrl^??TT 0, „ C c ellu,ar ' sation - is the a PP'^'°n * Space Division Multiple Access (SDMA)lech- 
niques [A. Paulraj, C. Papadias. "Space-Time Processing for Wireless CommunicationsMEEE Siqnal Praessina 
Magazine, pp. 49-83 , November 1 997]. Making use of an antenna array SOMA can separate ^^^1^^ 

2^?^ th ? h Same fr T enCy baPd 8nd 3t thS Same time ' by ex P'°« in 9 their distinct sSai SS^S^i 
hln!f, h k " Ce " ° f ,he cellulari2ed s P a <*- SOMA has been proposed for single-carrie Tysteri where its 

for^2 sTctw ^ 

S No 9 on To ?p * ^P^n technolog.cal advances .n adaptive antennas", IEEE Communications Magazine, Vol 
™ f ' Pt 1 " 7] ' tR - R ° y ' ' An ° Verview of smart an,enna technology and Hs application to wireless 
TT S ul n ' EEE lnternational Conf - On Personal Wireless Commutations, pp234^ Now^Ywk NY 
1 997],[S. Jeng, G. Xu, H. and W. Vogel, "Experimental study of antenna arrays in indoor wjreles7ap D Son S - in 
i S S a SDMA T 601 : Sl Tu S - S ^ a "d Computers, pp. 766-70 Los Alamitos, QA.^SS^I^^ 
earner SDMA systems for h.gh speed (e.g. 100Mbps) wireless systems demand a massive amount of d ocessinc ? e 
g ,n the order of Gflops) [P. Vandenameele, L. Van der Perre, B. Gyselinckx, M. Engels id H Ds Man An SDMA 

bination of OFDM as a modulation technique with an antenna array is known in the art [G RaleiahandJ Cioffi "Snatio- 
h 9 W :K ,eSS Communicatio "" 1 'EEE Transacts on Communicates ^SX^Lk^'^S 

[OoS T a Z'' 6 a,90n '! irnS ^ Nmi,ed l ° 9 Sin9le user scenario and d0 enable SDMA. 
S ho ' n n A ^f-sP^um multi-carrier multiple-access system for mobile communications" Kluwer Academic 
Publ shers, Dordrecht, The Netherlands, Multi-Carrier Spread-Spectrum, 49-56, 1997 S Kaiser id K FazeT St Z 
^°^nuT 0aC " WhSrein b ° ,h ,hS tranSmittin 9 and living peer have Tom^V are 
c^urgZar™ S9t " — ^ d - °' 8 - id — - - =et a of 

Son^^SE^ 
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[00051 A. Kuzminskiy et al. disclose in "Multistage semi-blind spatio-temporal processes , for short burst multujser 
SOMA systems", Conference on Signals, Systems & Computers, Vol 2, 1-4 November 1998, pages 1887- 891 a 
successive interference cancellation technique for SDMA in the cpntext of a mixed bUndAra.n.ng-based detection ap- 
pSS * does not rely on subband processing such as OFDM. Further, it does not use a muKi-camer approach. From 
a frequency point of view, it exploits a complete band. The selection of the determination of the signal of one user w,ll 
affect the signal for the complete frequency band. 

Alms ol the Invention 

[0006] The aim of the present invention is to increase the performance/cost ratio of high-speed 
by Providing communication methods (also denoted transmission methods, be.ng transmitting from at least one peer 
and Sing on at least one other peer) and a dedicated apparatus being inherently muft.-user, mu ,-camer and 
expiring space division multiple access principles. Said transmission methods and said apparatus enables h.gh spec- 
trum efficient communication under multipath fading conditions. 

Summary of the Invention 

rOOOTl In a first aspect of the invention (Figure 1 ) a method of transmitting data signals from at least two transmitting 
Sate wrt 2t least one transmftting means to at least one receiving terminal with a spatial drversrty recerving 
mlans s disclosed Said spatial diversity receiving means can be a plurality of at least two antenna's being spaced 
aTrt o hS a different polarization. The transmitting terminals can be grouped in a composite peer. The receiving 
termla is can be grouped in a processing peer. The spatial diversity receiving means comprises of at east tw Receiving 
mLans elated to ea* other in such a way that said receiving means provide drfferent spatial samples of a earn data 
signal In a first step in said transmitting method from said transmuting termina.s transmitted data signals are transmn- 
ted Th s transmissL can be substantially simultaneously. The spectra of said transmitted data signals can ,ba , * t least 
partj ove "p^g. The transmitted data signals are transformed versions of said ^^*£Z^£££ 

^SSof/at^ 

S^SJS^^d in said receiving terminal. In a last step estimates of said data s.gnals are determined from 
30 said subband processed received data signals in said recerving terminal 

roooai Subband orocessinq of a data signal having a data rate, compnses in pnnc.ple of splitting said data signal in 
I Trl.it f of ite siqnals wn h a lower data rate and modulating each of said pluraltty of data signals wrth another 
^^n^P^nj^rtKH^ m an embodiment said subband processing of a data signal can be 
reTed by usi^serial-to parallel convenors and using a transformation on a group of data samples °^<^ 
raooS ^e transmission method exploits thus a multi-carrier approach but then in a mult.-user context as at least 

AcceS °Icnntue an^ a multi-carrier method. Indeed such a concatenation would result in ^^^^1 
£Z5£S> while the invention exploits the inherent frequency parallelism of subbanc P'°^ 

SotO] .n an embodiment of this first aspect of the invention subband by subband processing is disclosed. Said 

EST"!! 3 yet TnoTher embodiment of this first aspect of the invention a method for Werference dependent state 

SET in Sa further embodiment of this first aspect of the invention a method for exploring coherence grouping 
(being subband grouping) during initialization is disclosed. 

ssss rr n C£~"= 
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Tc^ ,2 Th d t ' Versrt yJ ransmittln S means to at least two receiving terminals with at least one receiving means is 
' ^.^ transrr.rtt.nB terminate can be grouped in a processing peer. The receiving terminals can be grouped in 
J C h oth PeSr , ^ SPa ,! ial dK,erSity transmittin 9 means "Wises of at least two transmitting means related o 
first st^n h T 3 T th3t S3id ,ransmittin 9 means P™ ide d " spatial samples of a same data signa In a 
II S transm.tt.ng method combined data signals are determined in said transmitting terminal. Said combined 
data senate are transformed versions of said data signals. In a second step of the invented transmitting matted said 
combineddata signals are inverse subband processed. In a next step said inverse subband processed comb ned Sa 
signals are transmitted with said spatial dr^ersrty means. The spectra of said transmftted inverse subband p ocesTed 
combined data signals can be a, least partty overlapping. In a further step on at least one of said recefvin EI? 
at least one rece,v,ng term.nal .nverse subband processed received data signals are received and then esZaZ o 
sa.d date SI gnals are determined from said inverse subband processed received data signals, it can £!ls3SS52 
sa.d data s.gnals are often at least partialhy independent as their destinations are different users, buTtheSnted 
ransrn.sson method does not rely on that. Said first and second aspect of the invention can be combined 
10016] In a third aspect of the invention an apparatus for determining estimates of data signals from at least two at 
leas substant.ally simultaneously receded data signals is disclosed. Said received data signet haTe at E^r£ 
« SpeC,ra Said /PP aratus c °^P-- a. least of at least one spatial diversity receivfng means c rXf X 
adapted for receding sa.d received data signals with said spatial diversity receding means, circuity be ng adapted for 
subband process.ng at least two of said received data signals and circuitry being adapted for JeZr^Z^xZ 

r P r~ e °:r ed rec " ed data sisna,s - said — - - «*- - 

T embodiment of tnis third aspect of the invention parallelism in the apparatus structure is disclosed This 

mloL Pa , r 1 e, H m ^ eXP ' 0i,ed dUS t0 *" inh8rent frequency paralle,ism - inverted lansmi 

"J»t C ' rCUrtry b6in9 adap,Sd f ° r determi ™9 ^imates of said data signals from subband pr^esseS 

of stid lf T: ^ C ° mprlSeS 3 P ' Uraltty °' CirCUitS each bein 9 ada P ted for determining part of 
moTiS f a f d ° n Part ° f ,he SUbbands ° f said Subband P rocessed ^ceived data signals 

£J5>r T t mb ° diment ° f ,his third as P ect of the inventi °n further parallelism is introduced in the apparatus 
structure in the c.rcurtry being adapted for receiving said received data signals apparatus 

3 f ° Urth a ? SCt ° f ,h8 inVenti0 " an a PP aratus for transmitting inverse subband processed combined data 
data s tnr PnS ' n9 , a V eaSt °I * ° TO Spa,ia ' d ™ rSity circuitry being adaptS combinfng 

datas.gnatec.rcurtrybe.ngadaptedforinversesubbandprocessingcombineddatasignL 

for transmrtt.ng .nverse subband processed combined data signals with said spatial diversity means is disclosed sS 
apparatus can be exploited in the downlink transmission methods in the processing peer. KTn an 

Zl or T Z Para L e " Sm th9 aPParatUS StrUC,UrS iS intr ° duced etther in said being adap^e^ fo^ colin ng 

35 fooaoi U,,ry adaPt6d f ° r tranSmittin9 inV6rSe SUbband P rocessed oombined'data s gnat 9 

Brief description of the drawing s 

^^IS^^^ST^^ ^ * C ° mP ° Site peer (10) ' com P ris 'n9 °* * least two transmitting 
terminals (20). each having at least one transmitting means (60) and a processing peer (30) comorisina of at least 

ZZ c lZlllTf (40)> havins a spa,ial diversrty receiving means (being wit- Lre SZTKS 5£2 

SI^°n nf f a P art / ece,vin 9 means ( 8 °))- said reiving terminal (40) at least performs subband processing (90) 
posing H 10) The^omT ntra ^ T™° ^ ^ P erfo ™ £^2£S 

E^i^pS^i^ 1 Sh ° WS 3 SP ' rt SC8nari0 Wherei " tranSmittin9 ,ermina,S furthar <>°«"™ 

SLslSH ^T'^ C ,° i mmunication setu P with a composite peer (340). comprising of at least two receiving 
ermmate (330), each havmg at least one receiving means (320) and a processing peer (230) having at least one 

ZTsZZtoTT^rT 9 Tk S (220)) " ^ tranSmftting t6rminal (240 > P eriorms at 'east?nve"e subband 
d^SS, !, £ } h P 1 2 Sh ° WS 3 concen, rated scenario wherein said transmitting terminal (240) further 

ZoZ :TX™::;!n!S: The bottom of fi9ure 2 shows a sp, » scenari ° L ^ 

f™ ,o^ Ur8 3 S ^° WS pertormance of an embodiment of the invention being uplink Least-Squares-OFDIWSDMA 
SaT em hoH S 7 U,ta : n0US users - The Bit Error ^te (BER) is shown as function of the Signal to Noise^atMSNR) 

memod. through exploiting of inverse fast Fourier transform and fast Fourier transform. Said deteSg , oTeSmaTes 
of data signals from subband processed received data signals is in said embodiment based on Lea^Ts^u^res rrot^ods 
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[0024] Figure 4 shows the performance of pcSIC (per^arrier successive interference cancelation) for uplink OFDM/ 
SOMA for one to four simultaneous users. The Bit Error Rate (BER) is shown as function of the Signal to Noise Ratio 
fsNR) Said embodiment can be exploited for an arbrtrary number of users. Said determining of estimates of data 
Sna s from subband processed receh/ed data signals is in said embodiment based on determining ar .estimate o a 
selected data signal, in a Least-Squares sense, then modifying subband processed received data signals, and finally 
t^ZeZxes of the remaining data signals, being al, data signa.s except the selected ata -gna For said 
remaining data signals said determining of estimates of a selected data signal can be exp oited also. Said select™ of 
™gnals approach results in introducing an ordering in which estimates of data signals will be determ.ned. 
?(S Figured Error propagation with uplink SIC-OFDM/SDMA. The error count and the Signal >^^™ «n 
!si R) is shown as function of frequency. Said observation of the error propagation motivates the use of State Insertion 

Figure 6 shows the performance of pcSIC for uplink OFDM/SDMA with State Insertion for one to tour simul- 
ate! users Said embodiment can be exploited for an arbitrary number of users. The Bit Error Rate (BER) is shown 
SSS^ftXS to Noise Ration (SNR). Said determining of estimates of data signals from subband processed 
fece^ed da^a signals in said embodiment based on determining a plurality of estimates of a selected data s.gnab, 
[ZT^Jm ^W^ said subband processed received data signals, then determining estimates of at .east one 
of th remaining oTta signals, being al. the data signals except the selected data signal, and finally selecting one of 
t plurTlrty of estimates of said se.ected data signal. Said se.ection of data signals approach results ,n introducing 
Tn ordeTng i n whic h estimates of data signals wi.l be determined. The amount of estimates to be determined per data 

20 «;ianal can differ and can possibly be one for some data signals. 

Figure 7 s hoW s the performance of downlink OFDM/SDMA for one to four simultaneous users. Said embod- 
Smen^an be exported for an arbitrary number of users. The Bit Error Rate (BER) « shown as function of the Signal 

rootle Rgurfs shows the performance of uplink OFDM/SDMA for different coherence grouping factors. The BR 
2S Sor Rate (BER) is shown as function of the Signal to Noise Ration (SNR). In said embodiment the ?*->^ b "0 
the determining of relations between data signa.s and subband processed received data signals, ,s performed on a 
set-by-set basis. Said coherence grouping factor denote the amount of subbands in a set. 
fo0291 Figure 9 presents the operation count (initialization and processing) of Least-Squares-OFDM/SDMA. 
S Figure 10 present the operation count (initialization and processing) of pcSIC (per-carner su C cess,ve mter- 

30 {EST ^r^s^ operation count for State ***** (initialization and processing). 

Detailed description of the Invention 
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[0032] The invention is not limited to the detailed description of th V nVen1i ?"/XiorSo^ f240> We can logical* 
TO033 The invention concerns (wireless) communication between terminals (20) (40) (330) (240) We can logically 
orouo the ^Srrnals on ich side of the communication and call them peers (340) (230) (10) (30). Each peer can 

fsThus multi-user The peers can be transmitting and/or receiving information. For example, the peers can oommun-cate 

transmuting or receiving at one time instance or a full duplex fashion, being substantB.V 

[ooTt^ 

S^e=^ 

and downlink (Figure 2) transmissions. With uplink transmission is meant a transmission whereby the compos* ^ peer 
Uansm^Sa signals and the processing peer receives data signals. With downlink transm, _ss on is meant a trans- 
mission whereby the processing peer transmits data signals and the composrte peer recedes date s.gnais. The uplink 
and ^TwnTnTtlsmissions can either be simultaneous (full duplex) (for example using drtferent frequency bands), or 
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SguittoT 18 h 3 ,lme " dUpleX ,aShi0n (ha " du P |ex X f °r sample using the same frequency band), or any other 

Sfl ( Wirele ^) transmission of data or a digital signal from a transmitting to a receiving circuit requires digital to 
analog converse m the transmission circuit and analog to digital conversion in the receiving circutt In the Sir 
description .Us assumed that the apparatus in the communication set-up have transmission and receiving means ateo 
denoted ron -end. incorporating these analog to digital and digital to ana.og conversion means incluTg a 3,ca1on 
or signal level ga,n control and realizing the conversion of the RF signal to the required baseband signal ^ndTce vfrsT 
A front-end can comprise of amplifiers, fitters and mixers (down converters). As such in the text annals are reprJ 

takes place. Said assumption does not limit the scope of the invention though. Communication of a data orTdiS 

Sy t mb °!f ed . aS tranSmittin9 reCe ™ n9 ° f 3 S6qUen0e 0f < discre,a > «mSTp^ to t^^S 
nfonmat.onconta.ned.n the data signals can be fed to one or more carriers or P ulse4rains by map 

or n y pt iS ^f"™?""* moduhte the phase and/or amplitude of the carrier(s)or pulse-trains To usTnq QAM 
or QPSK modulation). Said symbols belongto a finite set, which is calledthe transmitting alphabet 

bii;r;zTurr u,at,on and/or ,ront - end opera,ions ° n said *- ^ - ~ L "^zTs^zi 

[0037] After reception by the receiving means, the information contained in the received signals is retrieved bv t™* 
formaion and estimation processes. These transformation and estimation processes can incE but 23^X22 

ceTd ^ ■' T and P :° CeSSin9 ' deCOdin9 ' e ° uafeat ™- After said estimation and wT^^Tfe 
ceived data s.gnate are obtained consisting of symbols belonging to a finite set, which is called ST^oKSiS 
The receiving alphabet is preferably equal to the transmitting alphabet receiving alphabet. 

SESnJ? 8 ,nVent, i 1 ^ ,Ufther 9XPl0it meth0dS 3nd means for measu ™9 the channel impulse responses between 
the transmission and/or reception means of the individual terminals at the composite peer on the one hand and^ 
spat,a diversity means of the processing peer on the other hand. The channel ir^J^^^^S^ 

cLnTr , ° n ° f 3n UP "' nk ,ransmission and/ °' °" ha* of a downlink transmission Z ^Z!22iS 
channel impulse responses can be used by the processing peer and/or composite peer in uplink IwZLT^^S 
or n down nk transmissions. The invention can further exploits methods for determining the S powTr o receded 
data signals and methods for determining the interference ratio of data signals 

;?nnJ -n? 8 ? a ? i !' diVerSfty meanS ensures the rece P tior > °r transmission of distinct spatial samples of the same 
sLTtfl T distinct spatial samples of the same signal is called a spatial diversity sample h an embodS 

can be placed spatial^, apart (as in Figure 1 and 2), or they can use a different polarization The mul^pte amennas 
belonging o one terminal are sometimes collectively called an antenna array. The invention is maximX effident 

° f SPatia ' Samp,e are SUWMt * "-orre.aW In an eLiZt^ S 

Z^S^HT^ I' ' eVed ^ PlaCin9 diflerent antennaS apart ° ver a sufficient| y lar 9* For ™ e 

com™ r \ T d f erent an,ennaS 66 Ch0SSn ,Q be ™ a wavelength of ,he carrier frequency at She 

trSZ? PbCe ' ^ diV8rSity Samp ' eS are *" different f ™ ea <* °ther due toL dLrem spa W 

trajectory from the transmitting means to their respective receiving means or vice versa. MerZVlsTd Sa ia 

« JZSST d,flerGnt ,r ° m SaCh 0th9r dUS 10 dmerSnt PO,ari2ati ° n °< '^^^o^ 

^^auTT^Tf Tei Z °?J he faCt ^ 34 ,6aSt thS prOC6SSinS peer pertorms subba "d processing, called 
SP ,n the sequel in the upl.nk mode (Figure 1), and inverse subband processing, called ISP in the seauel in he 

S m0de . (F ' 9U : a 2) - Furthefmore - in the ^ mod. ISP takes place either in the composite peer prior to £JE 

oZZteX ZZl'TT " ln *? PrOCeSSin9 Peer 3fter SP (SSe 1 to P)- < h ° 'o-link mode SP iTes 

F Sure % Z T C ° mp ° Srte peer after rece P tion < see ^9^ 2 bottom) or in the processing peer before ISP (see 
Sir 1 P ' I anOS Where b0th ISP and SP are in either transmission direction carried out in the prSessina 

^V^ZZT^T*"- r9mainin9 8CenariOS ' , G - WhSre ,SP SP are ca ^ d °" in^eren? 
peers in either transmission direction, are called split scenarios 

SI uplin t k 1 transmission met "°ds can be formalized as a first aspect of the invention being methods of data 
signals (50) f rom at least two transmitting terminals (20) with each at least one transmitting means (loT to aTLIt oS 
recen/ing termma (40) with a spatial diversity recerving means (80) comprising the following s'ep^ fmt f^tZ- 

tllZ t (sacon ^ te P) rec£w,n 9 on sa >d spatial diversity means (80) received data signals being at least function of Z 

e ^Z^J an T ed) T s1omed data si9na,s ™ {third s,ep ^ subband Zn^^XTtZ o 

S It t ' n Sa ' d re ° eiVin9 terminaJ (40): «« ( fourth s,e P) determining estimates of said date stanals 
00^2 siwlf T S "f ba ", d PrOCeSSed r8CeiVed data Signals < 140 > in said rec ^9 terminal 9 

frLrdr 8 rais 9 ca°n ratTers cSs; can be substantia ^ si — ^ t - — - - 
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ro0431 In the uplink split scenario said transformation of said data signals (50) to transformed data signals (70) 
comP ises inverse subband processing (1 60). In the uplink concentrated scenario said determining (150) of estimates 
o?Sd date s^qnal f rom (the obtained) subband processed received data signals in said receiving terminal comprises 
th SowS teps "Tt step) determining (100) intermediate estimates of said data signals ^o^^n, 

5 processed received data signals in said receiving terminal; (second step) obtaining said est.mates of said data signals 

(120) by inverse subband processing (110) said intermediate estimates. 

00441 The downlink transmission method can be formalized as a second aspect of the mvent.on being methods of 
^Zt^M^SL (200) from at least one transmitting terminal (240) with a spatial diversity t^nsmm.ng means 
fSSTSStwo receving terminals (330)with at least one receiving means (320) composing the following steps. 

» SsTep deterging ^0 combined data signals (300) in said transmitting terminal, saic i combined data 1 s^na £ 

15 from said inverse subband processed received data signals. 

S^S^Zmv can be substantial* simultaneously. The spectra of said (transmitted) inverse subband proc- 
essed combined data signals can be at least partly overlapping; 

?0046] Tn the downlink split scenario said determining of said estimates of said data signals ,n sad ™™"9 
como ises subband processing (350). In the downlink concentrated scenario determmmg combined date signals n 
20 sa7t Lnsrn^g "errS na. compr ses he following steps: (first step) determining intermediate combined date signals 

S^S^"^ < 280 > S3id d3ta Si9PalS; (SeC ° nd StSP) determinin9 (270) 

loo^r." 

peer but that due to transmission conditions in fact only estimates of said data signals can be obtained in the receMng 
peer slid Uansmission methods naturally intend to be such that said estimates of said data signals are approbating 

fjSr^^ *™ ion mettl ° dS afe n0t 3 ^aightfon^ard concatenation 

5 a SJe jSS^SSSZSL technique and a multi-carrier modulation method. Indeed a ■jn-gMton-^ 
Z^^fSZ " modulate in the transmitting terminal with such a multi-carrier method then transmA n a Space 

Hen 

45 subband processing is orthogonal frequency division multiplexing. nmp „ Qln _ Dear on samD |es between SP 

fo^Tt ihe invan.ion .he mnsmM.d s «,u.nc. I. dividad in d*. aubs.quenees prior ,o .ration. Said d al a 
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h S f t C °r POn , ° subsequences that will be processed as one block by the subband processing means 
I case of mult.path cond.tions, a guard interval containing a cyclic prefix or postfix is inserted beLen each paTof 

commun>T enCeS J tr f Smmin9 tern,ina,(S) ' ,f mUttipath Potion conditions are experienced h the wff| ess 
C ommun l c a tonre S ult,ngjnthe reception of non-negligible echoes of thetransmmed signal andthesubba^dproceS 
vIT fT\ FFT and/ ° r ' FFT °P eratbn < s )- this Buard introduction results in the equivalence between con 
volut,on of the toe-doma.n data signals and the time-domain channel response with muWpLton^lhrS^ 
doma,n data-signals and the frequency-domain channel response. The insertion of said guard interval can occur in 
both concentrated and split scenarios. One can thus state that in an embodiment of the invention!™ spTt scenario 

seoSnT, !? 9 T na,(S) T n 9Uard inl8rValS C ° ntainin 9 3 <* clic P refix ° r ^ b-h-oJ eac ^paSdata 
eSmenfoHh ° rm, t n9 " ^ subse ^ en ces a " d before transmitting the data subsequences In another 
embodiment of the invent™ ,n a concentrated scenario, said guard intervals are inserted in the transmitted sequence 
h T * T ta SUbseouences with °* Perming ISP on said data subb.ocks in lh.3Kj3£ 
(s). This can be formalized as follows by stating that in said uplink transmission methods said transformmion of safd 

exp.o?ed Sso ^ *" tranSmission ™ th ° ds " Alternately overlap and save t«Sj2S!S 

[0053] The terminal(s) disposing of the spatial diversity means (thus in the processing peer) disposers) of SP and/ 
or ISP means that enable subband processing of the distinct samples of the spatial diversrty sample So S dtaU?f 
ZZZL H C °7^ 0ry Pr ° CeSSin9 - BV combi " atof V P"*-hS means is meant «^iSt^d!^Z 
techntauir ? d : St L PCt SamP ' eS in thS Spatia ' diVerSi,y Sam P' e - ,n said combinatory processing ^ means dWeTn? 

the S to STi" ""S^ ? r ! trieVe ° r eStimat6 thS d9ta C ° min 9 ,rom the differe "t d *«"ct te JinalTono combTne 
the data to be transmitted to d IS t.nct terminals. The invention discloses methods for oerforminn , Zr in^Z? ♦ 
processing, both for uplink transmission and for downlink transmission Performing sa,d combmatory 

[0054] Combinatory processing in the uplink relates to a communication situation whereby the peer disoosino of 

bod ? d! ff v r s ^ means ; which is ca,ied ,he processin9 peer ' is receh " n 9 <™ the ZpSS; 

bod es different terminals transmitting (at least partially simultaneous) transformed data s,^ ^ 

processing ° * ™ 9 Said Up "' nk transmis s™ method is meant said combinatory 

IS .. Combinato 'y Pressing in the downlink relates to a communication situation whereby the peer disposina of 
spatial d^ersity means, which is called the processing peer, is transmitting signals to the composrtJ lie ^ which fm 
bod ie s drfferentterminalstransmitting (at .east partially simultaneous) soiled inverse subb3^ 
data s.gnals (having at leas, partially overlapping spectra). With determining C26^2S^SXSS3 
005* ,tti r 9 t ; ermina, ; n Said d ° Wnlink t-smission method is meant said ?oLLoT^l* 9 
[0056] n the .nvention further the following notations are used: x is used for a transmitted data samole The notation 
y * used for a receded data sample. The notation n is used for a noise sample. The noSon Sused for E 'transrSed 
data sample matrix. The notation Y is used for a received data sample matrix. The notation N is used for a no sTsaTole 
matrix. The notafon greek symbol sigma is used for the variance o°the noise. The notion . W^SJSISS; 

3^32,2^ T d ° main - n ° ta,i0n h[S] iS USSd f ° r *• channe. impulse r ^nse ^Pre- 
sented in the frequency domain. The array index s (going from 1 toS) refers to the specific subband to which a samole 

or a channel .mpulse response corresponds. The notation S is used for the total number 

coCo ^ peer I^SUST ™" r™** *** " ^ 1 to U) re,ers to the «n*^3S3£ 
composite peer by which the data signal was sent in the uplink mode, or for which the data sinnai i<= intone ir, m= 

th r ^ Pt ' ndeX 3 (9 ° ing fr0m 1 10 A > refers t0 ° ne spatial sample of the spatial diversXTaZS n 

orlZZ, 9 T ThS n ° tati0n A iS US6d f ° r the number of d ^ct samples in the spatfcTSeS 2Sh ^ 

ZSnT, T 9 iS USSd f ° r a " equa,i2er coefficient - ™» notati °" E is ««* ^ J^SS^^i 
m*nx. The notation greek epsilon is used for the stochastical expectation operator. A - on top of ^symboNndSes 

%TlZ Ti°i: f ?! Symb ° L With 3 SOft estima,ion is meant an estimation that is not necessary SSiSSS 
receding alphabet. A bar on top of a symbol indicates a hard estimation of the symbol With a haS «2£ 2 fmelnt 
an estimation that is equal to a symbol contained in the receiving alphabet est,mat,on ,s meant 

St J" thS ' nVen1ion decision m ^hods are exploited. Said decision methods obtain one or more intermediate hard 
?ZS ? ',° n h b T 8 ? 3 S '" 9le SOft eStimate - ,n an ^bodiment of the invention, said decision meS oSn on^ 
sorTTJ ? f 6S, L mate by determinin 9 that si S"al from the receiving alphabet that has me3ler^Ln^e to^e 
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there is only one intermediate hard estimate for a specific data signaL/symbol and the hard est .mate s equal o the 
ntermediate hard estimate. In another embodiment, there are several intermediate hard est.mates for at least one data 
sTgnTFrom multiple intermediate hard estimates, one intermediate hard estimate for one speaf.c data signal ,s se- 
lected as the hard estimate on basis of a probability criterion. . ^ .. . , 

0059] in the invention recombiner methods are exploited. Said recombiner methods obta.n recombined spatia di- 
S samples, on basis of a hard or intermediate hard estimate, by calculating the spatial diversity samples that 
would h?ve been receded if the data symbol corresponding to said hard or intermediate hard estimate would have 

fo^orTnThefnvention modrrier methods are exploited. Said modifier methods obtain modified spatia. divers^sam- 
oles L emptying the following steps. First, they obtain recombined spatial diversity samptes by applying recomb.ne 
meLJs baS on previously obtained hard or intermediate hard estimates. Secondly, they obtain modrfied spatial 
^erst sampL by exploiting the recombined spatial diversity samples and the origina. spatial drversity samples. 
?006l7 SaTmodiL methods are exploded in the uplink transmission methods, denoted •^^^SS 
cance lation methods wherein said determining of said estimates of sa!d data signals from said subband Processed 
%£SS£m* said receiving terminal further comprising for at least one data signal the following steps ;. (f rst 
steTselect no mm said data signals a selected data signal; (second step) determining an estimate of sa ld selected 
d2a^ 

SSSSSi^d esLate of said selected data signal via a ^^J^^i^SS 
estimates of said remaining data signals from said modified subband rTSS^S^SS' sZset^ 
selection of a selected data signals is just determining for which signal said method will be applied. Sa.d selection 

data signals a selected data signal'second step) determining a plurality of estimates of 

data sianals in both said methods can be either (intermediate) hard or soft estimates. „ oth „ Ho 
X"v»^™ .or P«-*g -or up« cc ,c«ton „. p^n.e*. Said ~~ 
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natory processing for uplink communication methods obtain in the receiving terminal estimates for datasignals trans- 
ited from one or more terminals in the composite peer, on basis of the subband processed spatial divers^ samples 
which can also be denoted subband processed received data signals samples, 
s2 G L lu^rT^"' T 6th ° dS f ° r per " subband c ^binatory processing for uplink communication are presented 
Said per-subband combinatory processing for uplink communication methods obtain in the receiving terminal estimTs 

LTthe ruZnl^ fr °? ° f m ° re temiinalS " th6 COmp ° Srte peer and in one specific Sand ^sis 

of the subband processed spatial diversity samples in that one specific subband, which can also be denoted subband 

processed received data signals in that one specific subband. Said per-subband combinatory p^SjSSlSfS! 
be formahzed as methods in which said determining of estimates of said data signals in said rJSS^S^i 
performed on a subband by subband basis. living terminal is 

[0067] In an embodiment of the invention, said methods for per-subband combinatory processing for uplink commu 
n.cat.on obtain est.mates for data signal(s) from at least oneterminal in the composite peer and in Zsp ec 7c subbed 

intSrr 9 ?• t ps - nrst - they ° btain so,t estimates f ° r ^ eaC h jsz^ses 

SecolZ^T aPP T 9 Per " subband scalar combinatory processing for uplink communica tio 7™ th«S 

^ !* bta ' n es,,mates b Y ^P'yng decision methods on each of said soft estimates 

S Said oeZTTn^T^ ^ h p9r ; SUbband scalar Minatory processing for uplink communication are pre- 
sented. Said per-subband scalar combinatory processing for uplink communication methods obtain soft estimates for 
data s,gna.( S ,n one subband and from one termina. in the composite peer, on basis of ^S^Z^S^ 

SI? S k 6rS,ty SamP ' eS in tha1 SUbband ,n an * the invention, said methods for pe^bband 

scalar combinatory process.ng for uplink communication obtain soft estimates for data signal(s) in onTsubband and 
rom one termmal ,n the composite peer with linear methods. In this embodiment, the estates of Zdate slonaTsi 
transmmed by the termmal(s) of the composite peer;" [s] are calculated by linearly combining the shde co^sooS 
earner Sl gna.s or subbands received on the deferent antennas with the equalfcer a^J^^S^SSS 



As] 



e?[s]...eU[s] 



X[s] 



>'A[s] 



Formula 1 



f(*"W-s"WX'"f'I-s , W)} 



Formula 2 



Formula 3 



["['Ms?* + o- 2 lAxA\E H - H[s]=0 



Formula 4 



[0070] in an embodiment of the invention, said methods for per subband scalar combinatory processino for uoiink 
communication obtain soft estimates for data signal(s) in one subband and from oneTernWi ^ com^e oS 
by ..near zero forcing (ZF) methods. In this embodiment of the invention, said E[ S] is oJ^^^nZZ 
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the channel distortion without taking the noise energy into account, in a scrolled zero-forcing way. In this embodiment 
E[s] obeys the U sets of linear equations of Formula 5. 



E H - luxU = 0 Formula 5 



[0071] In an embodiment of the invention, said methods for per subband comb.natory pressing for uplink ^commu- 
nication obtain soft estimates for data signal(s) in one subband and from one terminal in the composite peer wrth non- 
linear methods such as for example maximum likelihood symbol estimation (MLSE). 

r00721 In the invention, methods for combinatory processing for downlink commun.cation are presented called down- 

pee rfacilrtate the estimation in the composite peer of the transmitted data signals ^^^^^S 
downlink combinatory processing methods produce a spatial diversity sample, on basis of at least two data signals 
fesuZg in combined data signals. Said combined data signals then undergo ISP, and are afterwards transmitted by 
he Sal diversity means, resulting in transmitted data signals, the spectra of said transmitted data signals being at 
LpaSoveapp^g^ 

^^6bZUbb a step for determining combined data signals in said transmitting term.nal, said combined data 
sfgnals be ng transformed versions of said La signals. Thereafter inverse subband processing of said 
s Ss is performed, followed by transmitting with said spatial dfcersrty means sa,d -verse -b .and ^»md com- 
bined data signals, the spectra of said transmitted inverse subband processed combined data s.gnals being at least 

Kr^Tn embodiment of the invention, said methods for combinatory processing ^^^f 0 ™^^ 
Lppfy per-subband combinatory processing for downlink communication in at least one subband. In 
said downlink combinatory processing methods produce a combined data signal in one subband. on basis of the data 
SalsTthat specific subband. This can be described as determining of combined data s.gnals .n said transmrttmg 

^Es^EEl^ 

data symbol, called YTs] by linearly combining the data signals, called X[s], with a precompensat.on matr* E PRE [s]. In 
this embodiment, the Formula 6 holds: 



X[s]=H T [s]. Ep RE [s]. Y[s] + N"[s] Formula 6 

roo7Si in an embodiment U = A and E PRE [s] is the inverse of the channel matrix H^" 1 )[s]. _ ,_ 

[SSI] in Mother elodiment, U < A JSSe^-I *■ the pseudo-inverse of the channe. matrbc such that Formula 7 

holds: 

H T ls].E PR Js]= l UxU Formula7 

[00771 in an embodiment of the invention, said methods for combinatory processing for downlink «™ nication 
ake into account non-idealities in the analogue f ront-end(s) in the transmitting- and or "^^'^ n| ^ 
[0078] In an embodiment of the invention, said methods for combinatory processing for downlink commun.cat.on 

on one o more specific subbands. In this embodiment, efficient and effective power usage can £ obtemed 
[0080? n an embodiment of the invention, as well the terminals in the processing peer as the tormt^m the com 
posrte peer dispose of spatial diversity means and of subband and combmatory processmg means^ ^d , taftthe 
n^ocessinq and the composite peers embody at least two terminals transmitting data s.gnals at least P^™«» 
%Z£SE££ he^ransmMed data signals have at least partially overlapping spectra. In th.s <"^"*Mh 
2 L downlink combinatory processing methods can be used in erther transm.ssion direction between 
two peers. 
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EfSL J, tl P * I eni bod,ment, the processing peer is the basestation of a star-configuration network, which can 
be connected to the backbone of a wired network. Different terminals communicate simultaneously in the same fre- 
quency band with the basestation. The terminals only need a single front-end, and a plain OFDM-modem (i e without 
SDMA process^ capabilities). This embodiment can work in a multipath fading environment, for BpSoS^XS, 
as for example W.reless Local Area Networks. This embodiment can work in the 5-6 GHz band and cJ achieve a 
rSZLT^ ° f ^ abOVe " ' n thiS embodiment - the S P^< diversity means consisting of ZTeZs 
TTS fh T Smn9 T 8 " 3 COnoen,ra,ed in the basestation, thus reducing the overall hardware compie xitvTnd 
cost of the configuration. In this embodiment, the spatial diversity means comprises of multiple antennas spaced hart 
a wavelength apart. Also, the peers communicate on basis of OFDM as a modulation technique The ?S and lp am 
performed on basis of IDFT (Inverse Discrete Fourier Transform) and DFT (Discrete Fourier Transfer^ prc^ssfna 
bT^Sr^ th \ Sl f bands can be referred *> ** ^rriers. A guard interval containing a qS?^ hSJS 
between OFDM symbols at the transmitter side. SDMA is then applied in the frequency<tomain In Sdrtfon toS 

comnTrit I' 9 ^ arlta9eS ° f b ° th ° FDM SDMA ' thiS 3 PP roach ™ Ms in ex^oi^n 

compared to time-domain methods. For the estimation algorithms of the OFDM/SDMA systems, known^ teal-eZres 

SDMAm l 2Z Um T b °' eStima,i ° n (MLSE) a ' 90ri,hmS «" be a PP' ied - »"> a "°vel S plink OFD W 

SDMA methods with improved performance and still low complexity can be applied. These methods imptemen sue 
cessive interference cancellation per carrier, state insertion and coherence grouping implement suc- 

[0082] To illustrate the performance, the algorithms are applied to a 100 Mbps OFDM/SDMA WLAN It has a 4 an 
tenna basestation that separates up to 4 simultaneous users by SDMA Each of these transmit o£}£rZ J^k ■ " 

propagation channel so that the channel convolution becomes cyclic after removal of the guard inter^^CiTSI 
frequency-domain it becomes equivalent to multiplication wfth the Fourier transform of the channel h" s] Me^su es 
are taken to synchronize the different users communicating simultaneously in the same band. Unde Lfe c^ditions 
the received data Y[s] can be written as in Formula 8. It is possible under the given circumstances? caTuta u an 

Z nT 5 '" 9 ' " a " OWS 3 Pr ° ,0Und P arallelli2ation <* ™- Processing, mdeed an apparatus S^SSmZ 
Lr. Q M?r kk an . C0 TfJ ISe * 3 P ' Urality °' drCUitS bein9 ada P ted for determining estimates ofdata signa sbS on 
par, ofthesubbands of the subband processed received data signals, preferably onesubband per circurSuLeiuenSv 
otheper earner est.mation, a decision on which element of the transmitUng alphabet is nearest to the stana^ 
from the per carrier estimation. Said decision results in hard estimates- ' 9 ( ' resut,ing 









ml*]' 






+ 


_ n Ab]_ 






N\s] 



Formula 8 



omS J? T? Br P rocessin 9 «n the uplink can be performed in a linear fashion. In this case, the estimates 
!llr c signals transmuted by the terminals! [s] are calculated by linearly combining the single correspond 

rooS T^^T* f " L differ6nt ant6nnaS With thG eqUa ' i2er coefficie "* E[s,, following Formula T 9 
[0084] Sad E[s] is calculated to minimize the expectations given in Formula 2. For a given noise enerov (sioma 

ZTtT t0 TT ^ annihilate the channel distortion with °* taking the noise energy into accounUn " soSed 

mn£° ""t th ' S meth ° d ' E[S] ° beys the U sets of ,inear e 9 uations - Siven by Formula 5. 

Th mL2l« P erf0rmance ^^ystem is evaluated by simulation with realistic channel data obtained from ray-tracing 

ro087 HaleT^TH 1 " 6 ? ^ ^ (BER) 38 3 ,Uncfcn ° f the r8C6iVed ratio per bit (SNrT 

S?l 9 t performance of LS-OFDM/SDMA for one to four simultaneous users As a reference fte 

SSnls'nat^^^ ° f 3 Sin9,e " USer 8in9,e - ante - a 1 °° Mbp. plain OFDM .ink. An impoZ obser! 

ZlZ four - ar >t/nna four-user LS-OFDM/SDMA system outperforms plain OFDM. This demonstrates that a 
bandw.dth re-use factor four is achievable without any performance penalty. aemonstrates that a 

[0088] To evaluate the implementation complexity, we determine the total number of operations needed to execute 
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10 



is 



20 



data transfers needed lor the execut.on « : both phas J^ , j2^™^ nol been determine d yet, the allocation 
number lor the amount of memory/reg.s ter rt is importa nt to stress that data transfers 

of the data transfers to memory ror reg.ster banks ^^^ ^ syste m from wou.d require 72 

interference (MUI) or have highfy corr^ |nterference Cancellation (S1 C) is 

noise after Irear equal.zat.on. To m.t.gate i this effect. ™ ^ n estjmate a|| users simul . 

used, preferably Per Garner (pcS.C i- ^^^ e " As such the MUI originating from users that 
taneously, but does th.s successively. P^^^^^^J^^gina, sign al carrier). This technique relies on 
have been detected already, can be removed 0her»by ' ™ or ^ tha t pcSIC-OFDM/SDMA -since it works 

feedback of intermediate hard es = ^^ 

estimate is calculated by least-squares linear combining accord.ng to Formula 9. 



25 



30 



«2sW 



Formula 9 
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Formula 10 



tOMO] in Mo sq.-on E^l b found as In Formul. . «-pt <M .or oaoh i..*.on u. H W is -eol.cd by 
consequently be selected as the hard estimate (being a selection method). 
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Formula 11 
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[0093] Figure 4 shows the performance of pcSIC-OFDM/SDMA Aaain the BER nv«r qwe, 

formance improvement comtjared to LS-OFnM/QnMA ^ « • snows inai pcsiC-OFDM/SDMA yields a per- 

cellation order is determined ^eeau^^ initialization, the can- 

(recombination) and subtraction (modification) have to be performed L adaption £S2taZS%T^^ 
approximative number of operations for both phases of the D^^FnESSi? e , qu ^ ation and sl| cing. The total 
More specie, the four-user four-antenna syJmTu.d^ ^ 1 ° " 

E£5T I"? f r^'^ and a ^ta-transferLndwidth olTsGwoSec 25 ° kdata - ,rans,ers " lh ° 

of Formula 13 is smallest ^ 0r '^ fs "J as hard estimate "respectively the first or second of the2-norms 



: a m 1 1 



*>1 



L ^a/ l J 



M 



M 



Formula 12 



14 



EP 1 047 209 A1 



10 



15 
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25 



30 



Formula 13 



35 



• _ ~„>»h^ r=n hfi riMeribed as a method wherein said determining of 
[0096] The State insertion up ^tran^ 

said estimates of sa>d data signalsf rom sa d sub band p ™^™ c ™ ° s: (fjrst step) selec1ing , rom sa id data 

comprising for at least one data s '9 na ' < b , ^ esti Les of said seiected data signal from said 

signals a selected data signal; (second step) d e term.n.ng a f^ 1 ^ intermediate hard estimates; (third step) 

subband processed receded data signals said e tima ^^^J^JJ™ said modified subba nd processed 
determining a plurality of modified Is ubband ^^^^^Z of said selected data signal. A recom- 
received data signals being based on one of sod ( ntermed ate ha ™ estirnates of a{ M one of 

?ntn7m n b a o S diment of State Insertion uplink transmission method said determining o, estimates (ai, steps) is 

said State insertion ^^^^ * — " " 
L Success- Interference ^^^.^^^^ ependent state insertion for the 

[0099] Figure 6 shows the performance of P cSIC fJ^^™^ erence ^ ^shed cun/e gives the perform- 
exemplary system. The number of ^^ I T , ^ t °^^ hb ,? UI ^^fte performance of pcSICOFDM/ 
ance o, single-user SXJL achieves a 6 dB gain at a 

SDMA without state insert.on. It shows that pcSIC-OFDM/S ™ W ™ ° SDMA wjtnout sl . otne r simulations also 
BER of 0 001 and for four simultaneous users compared to pcSIC-OFDM/SDMA wnnou i 
BtM oi u.uv i anu iui states s respectively 5 dB and 4 dB. 

Formula 12 and 1 3, followed by selection based on the res.dual 2-norms of Formula 14. 



40 




or 






Formula 14 
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>1> 


2 





45 



SO 



55 



[0101] Theoperationsre^edforstateinsert^ 

number of operations for pcSIC-OFDM/sr^A wth SI the ^^^^^ require 22 o kf , op s and 31 Okdata- 
four-userfour-antenna system, *®°f™™™ ^^JfSJSS- bandwdth of 2 .6Gwords/sec in the 
transfers during the initialization phase and 1.1Gflops/sec ana a 

ptocessingphase. finals of the composite peer are receiving signals and the processing 

[0102] In the downlink transmission, the terminals of the compos., p t and a p , ain OFDM modem (i.e. 
peer is transmitting signals. The receiving terminals ^^sLe on* a singie antenna and 

without SDMA processing capabilities) in th.s '^ a ^^^^ fhm/ cannot mttigate multi-user inter- 
since we want to concentrate most of the P"^^^^^^^^ EPRE on the datasymbol 
ference in the downlink. Therefore, the basestat.cn carries out a ^p M relation o1 Formu , a 6 is 
vector Y[s] to obtain Y TR [s], which is then transmuted on the A antennas. The inp 
obtained. 
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[0103] Neglecting any non-idealities, this approach results in perfect separation of each user's dateWw,. h 



= H r [s].E PRE [s].Y[s] + N"\s] 

- i r v\ 1 xr..r 1 Formula 15 

= 't/xjy -y[s\+ N"[s\ 

for each subband separately said subbands can ^hf' "! ?' ! f 0rmula6 ° M5 - '"^tead of determining said matrices 

computational power is tBBO^^SS^^^^L '^ C °? P * ,east - st 1 uares *PP™*- The required 
transfer band^Vies^^^^ 

the channel convoluZofc^^^ "T! ? °" the multipath channel - 

equrvalent to multiplication Z Fourier Z,?™^ T ThU8 ' h ^^sncydomain it becomes 

processing peer « J^JSl ITw^Th * d < hanne, J hls ^bodiment allows cheap terminals in the 
SDM^includinosuc^^ 
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Claims 
1 



2. 
3. 
4. 



» ,u ^ t t ra „o mi Hinn Haia Canals (50) from at least two transmitting terminals (20) with each at least one 

— ,40, * . -P*. d,„. re «y ™an S ( S0, co m - 

prising the steps: 

of at least two of said transformed data signals (70), ... . , = „ w 

receiving terminal. 

The method recited in 1 , wherein said transmitting is substantially simultaneous. 

The method rectted in 1 , wherein the spectra of said transformed data signals are at least parity overlapping. 
The method recited in 1 , wherein the step of determining of said estimates o, said data signals in said receiving 
terminal is on a subband by subband basis. 

. ^mining estimates of said remaining data signals from said modified subband processed received data 
signals. 

The method recited in claim 5, wherein the step of selecting a data signal is based on the receding power of said 
data signals. 

The method recited in Cairn 5, wherein the step of se.ecting a data signal is based on the interference ratio of said 
data signals. 

subband processed received data signals; and 
- thereafter selecting one of said estimates of said selected data signal. 

9. The method recited in claim 8, wherein the step of se.ecting a data signal is based on the interference ratio of said 
data signals. 

10. The method recited in claim 1, wherein: 

.. the subbands, being involved in said subband processing, are grouped into sets, at least one set comprising 
; of at least two subbands; and receiving terminal comprises the steps of: 

: ^r^^tr^x ^^ - — - ■ 

set basis; and 



6. 
7. 
8. 
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12. The melhod reciled in claim 1 , wherein the step of determining (1 50) estimates of said data sianals fmm « ,hk h 
processed rece.ved data signals in said receiving terminal comprises the steps of 9 

" d a ;™s ksscis^ of said data si9na,s (130) ,rom said subband processed ~— 

' esTmatr^ SStima,eS ° f *" Signa ' S (120) by SUbband P"""** 010) said intermediate 

14. The method recited in claim 1, wherein said subband processing is orthogonal frequency division demuftip.exing. 
1S " mulSSS r6Cfted " Cl3im 11 ° r Whereh inV6rSe SUbb3nd Pr ° CeSSi ^ fe ° rth °9<™< '-quency division 

17. A method of transmitting data signals (200) from at least one transmitting terminal (240) with a soatfe. div.rc*, 

S:^ s (220) to at least ,wo receivin9 ,erminals (330) ^ th one KtoSS: 

- inverse subband processing (260) said combined data signals- 

- transmitting with said spatial diversity means (220) inverse subband processed combined data sipnals- 
recemng on at least one of said receiving means (320, of at least one of said receiving ermS Snverse 

dafal^ 

- determining estimates of said data signals from said inverse subband processed received data signals. 

Ltus 1 7 ' ^ ^ tranSmittin9 * iWeree ^ d «"**- — 

19 - ss:::i;. 7 ' wherein the spectra of - , inverse subband *~~ d ata ^ 

^ d ~ - ™ - signals in sa« transmuting 

^^XTseslh^o? 

- itrminlna ^S?" T^*? * to SI ' 9na ' S (290) by SUbband processin 9 < 280 > •»« data signals- 
determ.ning (270) said comb.ned data signals from said intermediate combined date signals. 

23 " p^rr* reCi,6d 21 0r22 ' M Said SlJbband -"9 is orthogona. frequency drvision demulti- 



18 



EP 1 047 209 A1 



24. The method recited in claim 17, wherein said inverse subband processing is orthogonal frequency division multi- 
plexing. 

25. The method recited in claim 17, wherein: 

said subbands, being involved in inverse subband processing, are grouped into sets, at least one set com- 
prising of at least two subbands; and 

the step of determining (250) of combined data signals (300) in said transmitting terminal (240) comprises the 
steps of: 

determining relations between said data signals and said combined data signals on a set-by-set basis; and 
exploiting said relations between said data signals and said combined data signals for determining said data 
signals. 

26. The method recited in claim 1 7, wherein in said inverse subband processed combined data signals a guard interval 
is introduced. 

27. The method recited in claim 17, wherein said determining of combined data signals is essentially based on the 
distinct spatial signatures of said transmitted inverse subband processed combined data signals. 

28. An apparatus for determining estimates of data signals from at least two received data signals, said received data 
signals, said apparatus comprising at least of 

at least one spatial diversity receiving means (80); 

circuitry being arranged for receiving said received data signals with said spatial diversity receiving means; 
circuitry being arranged for subband processing (90) at least two of said received data signals; and 
circuitry (1 50) being arranged for determining estimates of said data signals from subband processed received 
data signals. 

29. The apparatus recited in claim 28 wherein said circuitry is arranged for determining estimates of said data signals 
from subband processed received data signals and comprises a plurality of circuits each being arranged for de- 
termining part of said estimates of said data signals based on part of the subbands of said subband processed 
received data signals. 

30. The apparatus recited in claim 28, wherein said spatial diversity means comprises at least two receiving means 
and said circuitry is arranged for receiving said received data signals with said spatial diversity means and com- 
prises a plurality of circuits each being arranged for receiving said received data signals from one of said receiving 
means of said spatial diversity means. 

31 . The apparatus recited in claim 28, wherein said determining of said data signals is essentially based on the distinct 
spatial signatures of said received data signals. 

32. The apparatus recited in claim 28, wherein said determining of said estimates of said data signals is on a subband 
by subband basis. 

33. An apparatus for transmitting inverse subband processed combined data signals comprising at least: 

at least one spatial diversity transmitting means; 
circuitry being arranged for combining data signals; 

circuitry being arranged for inverse subband processing combined data signals; 

circuitry being arranged for transmitting inverse subband processed combined data signals with said spatial 
diversity means. 

34. The apparatus recited in claim 33, wherein said circuitry being adapted for combining data signals comprising a 
plurality of circuits each being adapted for combining data signals based on part of the subbands of said data 
signals. 

35. The apparatus recited in claim 33, wherein said spatial diversity transmitting means comprises at least two trans- 
mitting means and said circuitry being adapted for transmitting inverse subband processed combined data signals 
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Sana* S 2 TJ* ^t^" 9 adapted to ,ransmittin 9 said inverse subband processed combined 
aata signals with one of said transmitting means of said spatial diversity r 



' means. 



™2EZ££S££Z ^ Wher8in SPSCtra ° f inVerSS SUbb3nd Pr0CSSSed C ° mbined ^ 

37. The apparatus recited in 33, wherein said combining of data signals being essentially based on the distinct soatial 
s.gnatures of said transmitted inverse subband processed combined data signals. P 

38 " ^bbSSS r8Cited in Wh6rein StSP °' detefminin9 °< combined * te si 9" a 's being on a subband by 
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